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Introduction

will discuss current guidelines for the development

Rare diseases affect, by definition, few people.

of generic drugs, their limitations, and potential con-

Treatment of rare diseases is challenging for a variety

sequences of generic substitution in the setting of

of reasons including poor understanding of disease

rare diseases.

biology, delayed diagnosis, and difficulties in conment of novel drugs for small patient populations
may not be profitable for pharmaceutical companies.

Rare diseases are a heterogeneous
group of disorders sharing
important characteristics

As a consequence, rare diseases are also known as
“orphan diseases”, a term that effectively conveys the

There are currently several definitions of “rare

absence of research and market interest. Thanks to

disease” [4]. According to the US Food and Drug

Administration (FDA), a disease is rare when it af-

ducting clinical trials [1]. In addition, the develop-

fects less than 200,000 individuals in the US, while

the introduction worldwide of incentives encourag-

the European Medicines Agency (EMA) uses the

ing the development of orphan drugs, the treatment

prevalence threshold of 1/2,000 individuals to de-

of some rare diseases has considerably improved over

fine a disease as rare [4]. In recent years, particu-

the past three decades [2]. However, the majority of

lar attention has been given to ultra-rare diseases,

rare diseases remain without a specific therapy and,

the prevalence of which ranges from < 1/50,000 to

when available, treatments are often inaccessible to

< 1/2,000,000 individuals [5,6].

many patients [1]. The elevated cost of treatment is

Rare diseases constitute a heterogeneous group that

the most common criticism of current orphan drug

includes genetic diseases, rare cancers, infectious dis-

legislations and an important cause of limited access

eases, autoimmune diseases, and neurologic disor-

to treatment [3].

ders [7]. It is estimated that there are between 5,000

As the period of patent protection and marketing

and 8,000 rare diseases affecting approximately 6%

exclusivity is currently expiring for several orphan

to 8% of the world population [8]. Therefore, collec-

drugs, less expensive generic versions of small-mole-

tively the number of patients suffering from a rare

cule orphan drugs are becoming available. This may

disease is high.

help reduce the economic burden of rare diseases.

Although rare diseases differ substantially in terms

The main objective of the present article is to discuss

of etiology and clinical presentation, they have im-

the advantages and the risks associated with generic

portant features in common. Rare diseases are usually

substitution in rare diseases. Following a brief re-

chronic and severely disabling with a negative impact

view of the current knowledge of rare diseases and

on life expectancy, physical and mental abilities, and

the status of orphan drug development, the article
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quality of life [9]. A genetic origin has been identified

Orphan drug legislations have no doubt contributed

childhood is frequent [9,10]. Indeed, it is estimated

in recent years, as highlighted by the substantial

in about 80% of rare diseases and disease onset during

to the development of treatments for rare diseases

that 75% of rare diseases affect children [10].

increase in the number of orphan drug designa-

tions and approvals following legislation enactment

Orphan drug status and the
development of drugs for rare
diseases

(Figure 1) [11]. Of note, most new molecular entities

(NMEs) granted an orphan drug designation and

approved by the FDA in the period 1983-2014 were

The recognition by governments and regulatory au-

for rare cancers (Figure 2) [7].

thorities that patients with rare diseases have a right

Despite the achievements of orphan drug legisla-

to treatment equal to that of patients with common

tions, several problems remain unresolved includ-

diseases has led to the introduction worldwide of

ing: the elevated costs of rare disease treatment; de-

policies that encourage the research, development,

layed or no access to treatment for many patients;

and marketing of orphan drugs [2]. Without such

the lack of research and development programs fo-

incentives many drugs for rare disease would not be

cused on children; the inadequacy of current incen-

developed and authorized [4]. To qualify for the in-

tives for ultra-rare diseases; the lack of a clear and

centives, a new medication must obtain an orphan

unique definition of rare disease leading, in some

designation before the application for marketing au-

instances, to inappropriate orphan status designa-

thorization is submitted [2]. Criteria for the designa-

tion [1,3,12,13].

tion of orphan status vary among countries, as does

The economic impact of orphan drugs is the most

the definition of rare disease [2,4].

debated issue. A concern frequently raised is that the

Figure 1. Orphan drug designations released per year in the EU and US (Modified from [1])
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Figure 2. Orphan NMEs approved during 1983-2014, by therapeutic category (A) and number of NMEs by therapeutic
category and time (B). Data from FDA. (Modified from [7])
A
Therapeutic category

Number of orphan NMEs

Examples of conditions treated

All

With genetic origin

Antidote

7

0

Cancer

74

0

Leukemia, mesothelioma, multiple myeloma, renal cell carcinoma

Cardiovascular diseases

8

0

Pulmonary arterial hypertension

Lead poisoning, radiation poisoning

Endocrine disorders

7

0

Cushing’s disease, growth failure

Gastrointestinal disorders

7

1

Cholesterol biliary stones, short bowel syndrome

Hematologic disorders

12

3

Hereditary angioedema, essential thrombocythemia

Immunologic disorders

11

4

Castleman’s disease, cryopyrin-associated periodic syndromes, organ transplant rejection

Infectious diseases

21

0

HIV, malaria, tuberculosis

Metabolic disorders

25

23

Gaucher disease, hyperphenylalaninemia, mucopolysaccharidosis 6, urea cycle disorders

Muscular or skeletal disorders

2

0

Dupuytren’s contracture, Paget’s disease

Neurologic disorders

20

1

Huntington’s disease, multiple sclerosis, narcolepsy

Pulmonary diseases

9

2

Cystic fibrosis, idiopathic pulmonary fibrosis, respiratory distress syndrome

Renal or urinary disorders

6

1

Nephropathic cystinosis, secondary hyperparathyroidism

Number of orphan NMEs approved

B
25

Cancer

20
All other
conditions

15

Metabolic
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5
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reimbursement of costly orphan drugs may occur at

the expense of therapies for more common diseas-

Limitations of current procedures
for the approval of generic drugs

es [1]. It is also feared that the trend of increasing

orphan drug approvals may have devastating effects

Generic drugs have become an important component

on national healthcare systems [1]. Therefore, the

of measures aimed at curbing healthcare costs worldwide. The main reason why generic drugs usually

cost significantly less than their branded counterpart

replacement of orphan drugs with less expensive ge-

is because in order to obtain marketing authorization

neric versions is understandably regarded as a way

it is sufficient to demonstrate pharmaceutical equiv-

to solve at least one of the problems related to the

alence (identical active substance) and bioequiva-

treatment of rare diseases.
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lence (comparable pharmacokinetics) between the

nomic impact of complex generic substitutions, sev-

of generic drug approval do not require clinical trials.

ciated with the use of generic drugs may be nullified

generic and the reference product. Current pathways

eral authors have pointed out that the savings asso-

Bioequivalence is defined as the absence of a sig-

by increased costs associated with patient monitoring

nificant difference in the rate and extent to which

and management of adverse events [19,21].

the active ingredient in pharmaceutical equivalents

Finally, certain drugs, for example those with a nar-

or pharmaceutical alternatives becomes available

row therapeutic index, or a highly variable pharma-

at the site of drug action when administered at the

cokinetic profile, may require more stringent and/

same molar dose under similar conditions [14]. This

or specific bioequivalence standards and acceptance

means that the two compounds must show an over-

criteria [22]. Also, due to the variability in phar-

lapping bioavailability. The parameters used to mea-

maceutical technologies, products containing the

sure bioavailability include the area under the plasma

same active ingredient are rarely perfectly identical.

concentration-time curve (AUC) and the maximal

Differences in excipients, particle size, salt form,

plasma concentration (Cmax). Studies evaluating

and other aspects of product preparation have been

these two parameters are performed in healthy vol-

shown to influence pharmacokinetic parameters, as

unteers. Average bioequivalence is established if the

well as the toxicity and tolerability profile [23,24].

90% confidence interval (CI) for the geometric mean
of both the AUC and Cmax for the generic product are

within 80% and 125% of the corresponding parame-

Evidence of problematic generic
substitution

ters for the reference product [14,15].

Current bioequivalence criteria have been questioned

Generic substitution is defined as the replacement

by several authors [16,17]. A major limitation is the

of a prescribed branded drug by a generic drug that

has the same active substance. Very limited data is
available on the impact of generic substitution in rare

fact that bioequivalence studies are performed in

and ultra-rare diseases. By contrast, the literature

small groups of healthy young adults and not in the

about generic substitution in more common diseases

target patient population, in which the response to

is extensive. Overall, for the majority of patients and

drugs could differ significantly [16,18]. Physiologic

medications, generic substitution has been shown to

changes associated with older age may affect drug

be an effective way to treat diseases at lower costs,

absorption, distribution, metabolism, and excretion.

without major problems. However, with certain

As a consequence, differences in drug pharmacoki-

classes of drugs including levothyroxine, immuno-

netics may exist in elderly patients that are unde-

suppressants, antiepileptic drugs, antidepressants,

tectable in a healthy and younger population [16].

and anti-cancer drugs, switching from the origina-

Children constitute another population not ade-

tor to the generic product has proven problematic

quately addressed by current bioequivalence studies

and adverse clinical outcomes have been reported

[19]. Human growth is not a linear process and, es-

[16-18,21].

pecially during the first decade of life, developmen-

With regard to levothyroxine, a prospective ran-

tal changes in body composition and organ function

domized cross-over trial in 31 children with severe

are very dynamic leading to variable and unpredict-

congenital hypothyroidism and low thyroid hormone

able drug pharmacodynamics and pharmacokinetics

reserve failed to confirm the bioequivalence to the

[20]. There is a general consensus about the need to

reference product of a generic levothyroxine product

carefully monitor generic substitution in vulnerable

previously considered by the FDA as bioequivalent

patient populations [16,19]. With regard to the eco-
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and interchangeable [25]. Significant differences in

tudes and adherence, clinical and safety outcomes,

centrations were found after 8 weeks in patients re-

suggested that generic substitution might reduce pa-

serum thyroid-stimulating hormone (TSH) con-

and cost and resource utilization. Several studies

ceiving the branded versus the generic levothyroxine

tient adherence to medications, whereas other studies

product [25]. Lack of efficacy in controlling TSH

found that generic substitution was associated with

levels with levothyroxine generics has been report-

worse clinical outcomes and more adverse events.

ed also by the Medicines and Healthcare Products

Generic substitution was associated with savings,

Regulatory Agency in the UK [17]. The general con-

in some cases, but also with increased total health-

sensus in the field is that levothyroxine formulation

care costs due to increased visits to the physician or

substitution should be avoided in children with se-

hospitalizations [21]. For example, a large study on

vere congenital hypothyroidism, particularly in those

the economic impact of generic antiepileptic drugs

aged < 3 years because of the crucial role of TSH on

in the US found that the annual healthcare costs of

brain development at this age [25].

patients treated with generics were 25% higher than

Cyclosporine, a drug with a narrow therapeutic in-

for patients treated with branded products, despite

dex, is frequently used as part of the maintenance

the generics being less expensive [28].

immunosuppressive therapy in kidney and liver

Problems have been reported also with the switch to

transplant patients. The introduction of generic cy-

a generic version of Wellbutrin XL 300 mg (bupro-

closporine formulations has raised concerns among

pion), a widely used antidepressant [29]. In 2006,

physicians and patients because small changes in

the generic Budeprion XL 300 mg was found to be

drug exposure have the potential to cause organ re-

associated with adverse events (headaches, anxiety,

jection when levels are low, or kidney toxicity when

depression, and sleeplessness) in patients treated for

levels are high [17]. The generic SanCya was with-

major depressive disorders who had switched to it

drawn from the market because it was found that its

from Wellbutrin XL 300 mg. Budeprion XL 300

bioavailability was significantly different compared

mg had been approved based on the extrapolation of

to the reference product when taken with apple juice,

the results of bioequivalence studies conducted with

a common vehicle for oral administration in chil-

150-mg formulations. The report of adverse events

dren [17]. Overall, the evidence as to whether the

with the generic prompted the FDA to conduct a

switch from branded cyclosporine to generic formu-

head-to-head bioequivalence study, which failed

lations will result in similar levels and outcomes in

to confirm the bioequivalence of the two products

post-transplantation patients is conflicting [26]. Un-

(Figure 3) and resulted in the withdrawal of generic

til conclusive data are available, current guidelines

bupropion [29].

recommend to undertake generic substitution under

Generics are increasingly used also in oncology. Ge-

close monitoring, especially in pediatric transplant

neric imatinib, a tyrosine kinase inhibitor initially

A comprehensive review of the literature document-

in 2001 for chronic myeloid leukemia, is now mar-

recipients [26,27].

granted orphan drug status and approved in the US

ing negative clinical and economic consequences of

keted in many countries. A recent article reviewing

generic substitution on patient outcomes identified

the literature about the toxicity and adverse events of

30 articles, most of which were related to diseases

the generic formulations of three classes of oncology

of the nervous central system, in particular epilepsy

drugs – docetaxel, cisplatin, and imatinib – com-

[21]. The review highlighted three broad categories

pared with their reference drugs found that oncology

of potentially negative consequences: patient atti-

generics used in the US and other developed coun-
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Figure 3. Mean plasma concentration of bupropion [branded drug (Wellbutrin XL 300 mg) versus generic drug (Budeprion
XL 300 mg)] over time in 24 healthy volunteers (Modified from [29])
The extent of bupropion absorption after the administration of the generic product (AUC) was 86% of the absorption with the branded product,
but the corresponding 90% CI was 77% to 96%. In addition, the mean Cmax observed after the administration of Budeprion XL 300 mg was
only 75% of that observed after the administration of Wellbutrin XL 300 mg (90% CI, 65% to 87%). The time to Cmax was also different for
the two products, 4 hours for Budeprion and 5 hours for Wellbutrin. Such a difference had been observed also in the original bioequivalence
study of the 150-mg products, but since the AUC and Cmax values for the 150-mg products met the bioequivalence criteria, Budeprion XL
300 mg was approved.

Mean plasma concentration
of bupropion (ng/ml)

120
100
Branded drug (Wellbutrin XL, 300 mg)
80
60
40
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20
0
0

5

10

15

20
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Hours

tries are generally safe [30]. However, safety concerns

of fragile patients as they are, in many cases, very

ufactured and used in developing countries, where

tions. Orphan drugs, in turn, are complex because

have been raised for generic oncology products man-

young and can present with multiple organ dysfunc-

manufacturing and supply chain regulations may

they often exhibit a narrow therapeutic index and

be lax. According to the authors of this review, bio-

require extensive titration and carefully adjusted reg-

equivalence studies of oncology drugs with narrow

imens. Based on these considerations, rare diseases

therapeutic indices including tyrosine kinase inhibi-

clearly constitute a demanding therapeutic area in

tors and cytotoxic agents are challenging and generic

which generic substitution should be the result of

approval pathways should include product-specific

an informed decisional process and may be contra-

requirements [30]. Post-marketing monitoring of

indicated in some instances. By analogy with other

generic oncology drugs is advisable [30].

complex therapeutic areas, generic substitution may

result in differences with relevant consequences. In

Discussion and conclusions

the setting of rare and ultra-rare diseases, where

Rare diseases are complex and often critical condi-

the therapeutic options are usually very limited, the

tions for which timely treatment is crucial. Individ-

switch to a generic version may be particularly hard

uals affected by rare diseases belong to the category

to implement in those patients who have achieved
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good disease control with the originator drug, as the

based exclusively on economic considerations. In rare

verse outcomes.

to treat and have very few therapeutic options, this

switch may expose them to an unjustified risk of ad-

and ultra-rare diseases, which are usually difficult

The potential risk of increased adverse outcomes as-

attitude may have even worse consequences than in

sociated with generic substitution appears to be per-

more common and better-understood diseases.

ceived also by patients, and this perception correlates
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